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Over the past decade, significant research has been conducted regarding the
physiologic role and expression of cyclooxygenase isoforms 1 and 2 and knowledge
in this area is continually evolving. The majority of available data are from animal
models, and therefore may not be readily translatable to humans. Early in the
1990s, when COX-2 was first identified, it became apparent that COX-2 was
primarily inducible as a component of inflammatory reactions, whereas COX-1 was
primarily constitutive and involved in "housekeeping" functions. Since then,
research has shown that this theory is truly oversimplified and that the separation
of roles and functions of these isoenzymes is far from clear. Because the specific
roles of COX-1 and COX-2 are still incompletely understood, cyclooxygenase
selectivity profiles are of unknown value in predicting the effects of individual
agents du-ring clinical use and, in particular, in suggesting clinical superiority or

absence of effect on clinical parameters such as renal function or ulcer formation.

Although it cannot be concluded that cyclooxygenase selectivity has no role in the
activity or adverse-event profile of a particular agent, COX-2 selectivity does not
guarantee clinical efficacy or safety. This document provides the Agency and the
Arthritis Advisory Committee with a resource that reviews available literature and
provides additional perspectives that may assist in regulatory review of selective
COX-2 inhibitofs. The data contained herein support the conclusion that the
original COX-1/COX-2 hypothesis is oversimplified and that clinical data are still
necessary to assess the adverse-event profile of any given agent. Further, the
following summary provides preclinical evidence that the Agency may wish to

pursue with regard to the potential safety of agents that specifically inhibit COX-2.
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During inflammation, COX-2 clearly is upregulated (Crofford, 1997). Animal
models demonstrate expression of COX-2 during acute and chronic inflammation
(Anderson et al, 1996; Sano et al, 1992). Treatment with glucocorticoids and
specific COX-2 inhibitors decreased COX-2 expression and reduced paw swelling in
rodent inflammatory models (Anderson et al, 1996). In murine osteoblasts, two
anti-inflammatory cytokines, interleukin-4 and interleukin-13, inhibited COX-2
expression (Onoe et al, 1996). Analysis of human synovial tissue from patients with
rheumatoid arthritis or traumatic injury showed increased COX-2 expression

(Crofford et al, 1994).

Although COX-1 was not thought to be directly involved in inflammation, recenf
studies have demonstrated that both cyclooxygenase isoforms are detected in
synovial cells from inflammatory joints (Crofford et al, 1994; Gilroy et al, 1998;
Iniguez et al, 1998). In vitro analyses of cultured human synovial tissues show that
macrophage, fibroblast, endothelial, and mononuclear inflammatory cells express
both COX-1 and COX-2. In addition, in studies of COX-2 knockout mice,
experimental challenges with inflammatory agents resulted in inflammatory
respd—nses that did not differ significantly from those in wild-type animals (Dinchuk
et al, 1995; Morham et al, 1995). Thus, the presence of the COX-2 enzyme is not

essential for inflammation to occur.

In contrast to findings in COX-2-deficient mice, inflammatory challenge in COX-1
knockout mice resulted in reduced inflammatory response (Langenbach et al, 1995),
indicating that COX-2 is not the sole source of inflammatory prostanoids. These
findings ére contrary to established views that COX-1 is a oonstitutive,
houseie;éping enzyme responsible only for maintaining normal cell function and

that COX-2 is inducible and solely responsible for inflammatory response. Rather,
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the results of studies in cyclooxygenase knockout animals indicate that the
physiologic roles of COX-1 and COX-2 require reassessment. Furthermore, if the
two cyclooxygenase isoforms are involved in expressing inflammatory
prostaglandins, agents that target both COX-1 and COX-2 may be more appropriate

for anti-inflammatory therapy.

APPEARS THIS WAY
ON ORIGINAL
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It is well established that many NSAIDs cause acute and chronic damage to the
gastric mucosa (Wallace, 1997) and it has been postulated that this activity is
related to cyclooxygenase inhibition. NSAID toxicity also extends to other areas of
the GI tract, including the esophagus, small bowel, and colon (Gibson et al, 1992;
Kaufman et al, 1996; Stamm et al, 1994). The pathogenesis of these other lesions is
poorly understood, but presumably involves inhibition of prostaglandin synthesis by
one or both cyclooxygenase enzymes. The effects of NSAIDs on the GI tract can be
discussed, for convenience, under the categories of Gastric Lesions, Other

Gastrointestinal Lesions, Healing of Lesions, and Effects on Epithelial Integrity.

GASTRIC LESIONS

With the identification of COX-1 and COX-2 1soenzymes, it was proposed that COX-
1 was the isoform responsible for mediating gastric mucosal defense because
inhibition of COX-1 led to gastric damage that was ameliorated by prostaglandin
replacement. It was further proposed that COX-2 was not involved in gastric
mucosal protection, and selective inhibition of COX-2 would spare gastric
prostaglandin synthesis, reducing the likelihood for ulcerogenic effects. It 1s, of
course, recognized that the cause of gastric lesion development with currently

available NSAIDs is multifactorial and not completely understood.

Several recent studies have focused on the role of adaptive cytoprotection as a
mechanism for preventing gastric injury. Chronic, low-grade injury of various kinds
protects against acute injury. This adaptive cytoprotection may result from a local

increase in protective prostaglandins.
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EFFECTS ON EPITHELIAL INTEGRITY

The GI tract constitutes an effective barrier against invasion by the large intestinal
flora. The nature of the barrier is poorly understood, but it may involve fluid
secretion, epithelial restitution, and other mechanisms. There is evidence to
suggest involvement of prostaglandins in the function of this barrier. In addition,
NSAIDs have been associated with disruption of the barrier and deleterious effects

in patients with inflammatory bowel disease (Evans et al, 1997).
COX-2 EXPRESSION

The majority of cytoprotective prostaglandins in the GI tract are synthesized by
constitutively expressed COX-1, which is found in essentially all GI tissues and is
highl)_f concentrated in the s:tomach, cecum, and colon (Kargman et al, 1996).
However, a simplified theory whereby only COX-1 is responsible for production of
cytoprotective prostaglandins can be called into question because COX-1 knockout
mice did not demonstrate any abnormal GI physiology nor did they spontaneously
develop gastric lesions, but did develop lesions when given oral indomethacin, albeit
fewer than wild-type mice (Langenbach et al, 1995). This shows conclusively that
inhibition of COX-1 is not necessary for NSAID-induced injury, and that other
mechanisms must be involved. These could involve local effects (Somasundaram et
al, 1997) or effects on COX-2. Although COX-2 in gastric mucosa is generally
inducible, studies have shown that it also is constitutively expressed in the GI tract
| to some extent (Kargman et al, 1996). In rats, the highest concentration of
constitutive COX-2 was found in the cecum and distal intestine. Furthermore,
COX-2 has been shown to be constitutively expressed in human intestinal mucosa

(Mahida et-al, 1997).
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Preclinical studies in mice and rats demonstrate a key role for COX-2 in
maintaining mucosal integrity. In rats, COX-2 is expressed in gastric epithelial
cells (Sasaki et al, 1998) and is important for proliferation (Sawaoka et al, 1997). In
rat and mouse models of gastric mucosal lesion, COX-2 is expressed during acute
stages of gastric mucosal injury (erosion, ulceration) and during ulcer healing
(Kishimoto et al, 1998, 1997; Mizuno et al, 1997; Schmassmann et al, 1998). In one
recent study in rats, COX-2 mRNA expression increased dramatically during the
early phases of ischemia/reperfusion injury, then decreased as discrete ulceration
occurred and was low during the ulcer healing stage (Kishimoto et al, 1998).
However, because whole stomachs were used for the analysis, major elevations of
COX-2 could have been present in the ulcer margins or ulcer base during the

healing process.

Preclinical studies have shown that cytoprotection of the gastric mucosa in some
situations (ethanol-induced damage after long-term endotoxin administration in
rats; radiation injury) may relate, in part, to an inducible form of COX-1 (Cohn et

al, 1997; Ferraz et al, 1997).

In one study, COX-2 was expressed in normal human gastric mucosa and human
endothelial cells, and was significantly increased in the gastric ulcer margin

(Tarnawski et al, 1997).

Spontaneous GI inflammation did not occur in COX-1 or COX-2 knockout mice,
'kleading the authors of one study to question the proposed role of COX-1 in GI
homeostasis (Morteau et al, 1997a). However, some COX-2 knockout mice
developed peritonitis (Morham et al, 1995; Morteau et al, 1997a). In one recent
study, indomethacin caused intestinal injury in COX-2 knockout mice, but not in
normal controls (Wallace et al, 1998). The authors suggest that indomethacin
administration may have led to dysregulation of inflammation in the COX-2

knockout mice, leading to tissue injury, whereas in normal mice the inflammation
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would have resolved and any tissue damage would have healed. Furthermore, a
study in rats demonstrated an elevation of COX-2 during inflammatory conditions,
such as colitis, in the GI tract (Reuter et al, 1996). Increased susceptibility to
experimentally induced colitis was seen in COX-2 knockout mice, but not in COX-1
knockout mice, suggesting that COX-2 may have more of a protective than

inflammatory role in colitis (Morteau et al, 1997b).

In patients with ulcerative colitis, COX-2 has been shown to be upregulated in
colonic apical epithelial cells (Singer et al, 1998). Biopsies from patients with active
inflammatory bowel disease (ulcerative colitis or Crohn’s disease) had a
significantly (P<.005) higher expression of COX-2 than controls or patients with
inactive disease; no difference in COX-1 expression was found (Hendel and Nielsen,
1997). In addition, COX-2 was shown to be upregulated in studies with human
intestinal epithelial cells experimentally infected by invasive bacteria, as would
occur-during enteric infection, causing rapidly increased intestinal fluid secretion as
a protective mucosal mechanism (Eckmann et al, 1997). COX-1 expression was not
affected by bacterial infection. The authors suggest that mucosal injury after
infection with invasive bacteria could be exacerbated by selective inhibition of COX-
2. Another recent study describes the role of endothelial-derived prostaglandin
production produced by COX-2 in mediating secretion of fluid by intestinal
epithelial cells (Blume et al, 1998), which contributes to questions regarding the

protective role of COX-2 in prevention of mucosal injury.

- USE OF SELECTIVE COX-2 INHIBITORS IN ANIMAL MODELS

Currently available preclinical data on COX-2 expression suggest that it is involved
in mucosal repair. In animal models of chronic gastric erosion and ulceration, a
highly’seleétive COX-2 inhibitor impaired or delayed ulcer healing in mice (Mizuno
et ziI',;1997) and in rats (Schmassmann et al, 1998; Shigeta et al, 1998; Tsuji et al,

1997). Stress-induced gastric ulcers were significantly increased with the use of a
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selective COX-2 inhibitor in rats (San Miguel et al, 1998) and healing of stress-
~ induced ulcers was significantly delayed in mice treated with selective COX-2

inhibitors (Ukawa et al, 1997).

Adaptive cytoprotection, thought to have a role in maintaining mucosal integrity,
can be impaired by nonselectively inhibiting both COX-1 and COX-2 with
indomethacin or by selectively inhibiting COX-2 (Brzozowski et al, 1998; Gretzer et
al, 1998a). A selective COX-2 inhibitor also inhibits the protective effect of peptone
in rat gastric mucosa and does not cause different effects than those seen with
indomethacin (Ehrlich et al, 1997). In a rat model of mucosal resistance to
1schemia/reperfusion injury, a selective COX-2 inhibitor significantly increased
mucosal injury (Maricic et al, 1998). Other forms of adaptive cytoprotection do
appear to be COX-1 mediated (Cohn, 1997). These findings suggest that the COX-2
isoenz_yme 1s involved in geﬁerating prostaglandins necessary for gastric mucosal

defense.

Highly selective COX-2 inhibitors have been shown to exacerbate experimental
colitis in rats, leading to death caused by colonic perforation in many of the animals

(Reuter et al, 1996).

Interestingly, results of a recent study demonstrate that the lowest doses of two
selective COX-2 inhibitors necessary for statistically significant reduction of
carrageenan-induced rat paw edema were high enough to also significantly inhibit
COX-1 activity (Wallace et al, 1998). At the doses necessary to significantly reduce
prostaglandin synthesis in the rat paw, gastric prostaglandin synthesis was also
significantly inhibited and the selective COX-2 inhibitors caused hemorrhagic
erosions (P<.05 versus vehicle). These results were confirmed by other researchers
who determined that doses of a selective COX-2 inhibitor necessary to inhibit
prostanoid production in human bursal tissue also inhibit COX-1 (Gretzer et al,

1998b).
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USE OF SELECTIVE COX-2 INHIBITORS IN MAN

HYPOTHETICAL APPLICATION TO HUMANS OF PRECLINICAL
RESULTS IN THE GASTROINTESTINAL TRACT
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ON ORIGINAL
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ROLE OF COX-2 IN THE KIDNEY

- L .. e ———,

The kidney is a significant source of cyclooxygenase-mediated prostaglandin
synthesis as well as a target organ for prostaglandin effects, particularly with
regard to maintenance of renal blood flow in the compromised kidney. The use of
NSAIDs in normal, healthy individuals is not associated with an untoward risk of
adverse renal effects. However, patients with volume-depleted states, congestive
heart failure, advanced age, or conditions associated with preexisting renal
insufficiency are at risk for NSAID-induced adverse renal events, such as edema,
hyperkalemia, acute renal failure, or nephrotic syndrome with interstitial nephritis
(Whelton and Hamilton, 1991). Acute deterioration of renal function in high-risk
patients is most concerning and occurs with disruption of the delicate balance
between pressor mechanisms and prostaglandin-associated vasodilation. Inhibition
of prostaglandins by NSAIDs allows for unopposed vasoconstriction, potentially
leading to serious renal sequelae. Chronic, long-term use of NSAIDs has been
associated with papillary necrosis in some rare situations. The effects of NSAIDs
on salt and water homeostasis also may be responsible for the increased risk of
hospitalization due to congestive heart failure (Heerdink et al, 1998) and
interactions with antihypertensive medications (Houston et al, 1995; Johnson et al,

1993; Pope et al, 1993).

Historically, it was believed that COX-1 was expressed constitutively in the kidney
- for purposes of maintaining renal homeostasis. COX-2 was thought to be an
inducible isoform that was normally absent, but would rapidly be expressed to meet
a specific physiologic challenge, such as inflammation or compromised renal blood
flow (Morham et al, 1995; Vane et al, 1998). However, emerging data demonstrate
the role of éOX-Z in normal renal development, the constitutive expression of COX-
2 in the kidney, and the renal effects of COX-2 inhibition (Schneider and Stahl,
1998), all of which may have implications for the use of selective COX-2 inhibitors
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In patients with compromised renal function, those taking antihypertensive

medication, or in those with borderline cardiovascular compensation.
COX-2 EXPRESSION

COX-2 plays a role in the normal development of the kidney. High levels of COX-2
have been found in the developing nephrons and bladders of neonatal mice,
underscoring the 1nvolvement of COX-2 in nephrogenesis (Park et al, 1997; Zhang
et al, 1997). Several studies have demonstrated that COX-2 knockout mice exhibit
Severe congenital renal abnormalities (Dinchuk et al, 1995; Morham et al, 1995;
Norwood, 1998). Kidneys of neonatal COX-2 knockout mice are significantly
underdeveloped, with a disproportionartely small number of functional nephrons and
a large quantity of undeveloped mesenchymal tissue. In contrast, neonatal COX-1
knockout mice did not exhibit renal abnormalities, indicating that this isoform 1s
not essential to normal renal growth and development (Langenbach et al, 1995).
Adult COX-2 knockout mice exhibit reduced numbers of functioning nephrons and
severe nephropathy, including glomerular sclerosis and tubulointerstitial injury
(Dinchuk et al, 1995; Morham et al, 1995).

The constitutive expression of both COX-1 and COX-2 has been identified in renal
tissues of animal models and man. In normal, unchallenged rats, COX-2 is
expressed éor;‘stitutively in the macula densa of the juxtaglomerular apparatus, in
bordering epithelial cells of the cortical thick ascending limb of Henle, and in
papillary interstitial cells. COX-2 is not found in renal arterioles, glomeruli, or
collecting ducts in the rat. COX-1 is also expressed constitutively, but in distinctly
different locations, namely the medullary collecting ducts and medullary interstitial
cells (Harris et al, 1994). In rabbits, COX-2 is expressed constitutively in the
bladde¥-and in the outer medullary interstitial cells and cortical macula densa of
the kidney. COX-1 is not found in the medullary interstitial cells of rabbits (Guan
et al, 1997).
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COX-2 is also expressed constitutively in adult and fetal human kidneys. In a study
of adult human kidneys, COX-2 was located in glomerular podocytes and in
endothelial and smooth muscle cells of renal arteries and veins, but not in
glomerular endothelia. COX-1 was located in collecting duct cells, cortical and
medullary interstitial cells, and endothelial cells of the afferent arteriole. In human
fetal kidneys, COX-2 was found in arterial and venous endothelia and smooth
muscles and in mature glomeruli. COX-1 was found in the collecting duct cells and
podocytes of fetal human kidneys, suggesting a role in nephrogenesis (Kémhoff et
al, 1997). The authors of this study conclude that the location of COX-2 suggests
this isoform is involved in maintenance of renal hemodynamics and that

development of a completely renal-sparing COX-2 inhibitor is unlikely.

Preclinical data demonstrqte the role of COX-2 in maintaining normal sodium and
water balance. Certain experimental, physiologic challenges mimicking clinical
disease (eg, intravascular volume expansion or contraction) result in increased
production of COX-2 in the kidney (Harris et al, 1994; Yang et al, 1998). For
example, mice fed a low-sodium diet (ie, volume-contraction) exhibit markedly
increased expression of COX-2 that is threefold greater than basal levels (Harris et
al, 1994). Chronic volume expansion had no effect on basal expression of COX-2 in
one murine study (Harris et al, 1994), but resulted in increased levels in another
(Yang et al, 1998). Surgically induced renovascular hypertension in mice increases
levels of COX-2 in the macula densa that parallel increases in renin levels,
indicating“a role for COX-2 in renin release associated with altered renal perfusion

(Hartner et al, 1998).

The location of COX-2 in the kidney may dictate specific functions. COX-2 found in
the renal medulla has been implicated in the control of sodium and water excretion
1n velume-overload states. In addition, it has been suggested that cortical COX-2

mediates glomerular circulation in volume-depleted states (Yang et al, 1998).
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USE OF SELECTIVE COX-2 INHIBITORS IN ANIMAL MODELS

In one study, dogs received intravenous doses of indomethacin, 6-MNA (the active
metabolite of nabumetone), or a selective COX-2 inhibitor (Brooks et al, 1998). The
selective COX-2 inhibitor and indomethacin caused significant, dose-related
reductions in urine flow, sodium excretion, renal plasma flow, and glomerular
filtration rate. 6-MNA had no measurable effect on these or other parameters of
renal function. In another study in mice, the normal renal response in animals fed
a low-sodium diet (ie, increased renal renin release) was blocked by a selective
COX-2 inhibitor (Harding et al, 1997), suggesting that COX-2 is a requirement for

renin release by the kidney.
USE OF SELECTIVE COX-2 INHIBITORS IN MAN

The renal effects of two selective COX-2 inhibitors, nimesulide and flosulide, have
been measured in short-term studies in young, healthy subjects (Brunel et al, 1995;
Steinhauslin et al, 1993) and the renal effects of celecoxib were recently evaluated
in healthy, salt-depleted subjects in a short-term study (Rossat et al, 1998).
Nimesulide has been withdrawn from the market, and clinical testing of flosulide
has been halted (Donnelly and Hawkey, 1997). Administration of flosulide (25 mg
twice daily for 9 days) or nimesulide (200 mg twice daily for 10 days) resulted in

significant blunting of compensatory increases in plasma renin and aldosterone

concentrations compared with placebo during orthostatic challenge and sodium

depletion with furosemide (Brunel et al, 1995; Steinhiuslin et al, 1993). These
observations, made during short-term administration to young, healthy volunteers,
support the notion that selective inhibition of COX-2 is not sufficient to protect
against renal toxicity during NSAID use, particularly in patients at risk for renal

dysfunction.
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A recent study evaluated the renal effects of a selective COX-2 inhibitor, celecoxib
(200 or 400 mg/d), compared with placebo or naproxen (500 mg twice daily), for 8
days in 40 healthy volunteers on a low-sodium diet (Rossat et al, 1998). Peak
changes in renal hemodynamics occurred at 1 hour on day 1, when 400 mg/d of
celecoxib significantly (P<.05) decreased glomerular filtration rate and renal plasma
flow when compared with baseline. Significant reductions in sodium excretion also
occurred at 2 hours on day 1 with either dose of celecoxib versus placebo (P<.01) and
In potassium and lithium excretion with the higher celecoxib dose (P<.01 versus
placebo). The authors indicate in their conclusions that COX-2 has a major role in

maintaining sodium balance and renal vascular tone in salt-restricted individuals.

HYPOTHETICAL APPLICATION TO HUMANS OF PRECLINICAL
RESULTS IN THE KIDNEY

COX-2; like COX-1, is expressed constitutively in the kidney and mediates sodium
and water balance, intravascular volume, and blood pressure. Because many
NSAIDs inhibit both 1sozymes, it is not clear whether the known effects'of NSAIDs
on renal function are due to inhibition of COX-1, inhibition of COX-2, or a
combination. COX-2 appears to be involved in renal homeostasis to a greater
degree than previously believed, therefore, the concept that selective COX-2
inhibitors are renal-sparing requires reconsideration. The effects of these agents
will need to be assessed in patients in whom COX-2 is upregulated, including
patients with-compromised renal function, patients taking an angiotensin-
converting enzyme (ACE) inhibitor and diuretics for hypertension, and patients

with volume overload and borderline cardiac decompensation.

APPEARS THIS WAY

r“; antAag
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ROLE OF COX-2 IN FERTILITY AND REPRODUCTION

Prostaglandins play a key role in ovulation and pregnancy, and inhibition of
prostaglandin synthesis blocks ovulation in several species. Following fertilization,
development of the embryo during the blastocyst stage and synchronized
differentiation of the uterus depend on the coordinated effects of estrogen,
progesterone, and vasoactive prostaglandins. COX-1 and COX-2 are expressed in
uterine tissues at various times during pregnancy (Vane et al, 1998). Because the
presence of COX-2 in the uterus has only recently been established, the roles of
COX-1 and COX-2 in reproductive functions remain to be determined. Many
prostaglandin effects initially thought to be associated with constitutively expressed
COX-1 may actually be attributed to COX-2. Indeed, one author suggested that
ovulation and implantation are processes that may be considered analogous to a

proinflammatory response (Lim et al, 1997).
COX-2 EXPRESSION

During pregnancy, COX-2 is highly involved in a number of crucial events. Animal
studies indicate that COX-2 expression is essential for ovulation, fertilization,
implantation, and decidualization (Lim et al, 1997; Song et al, 1998). Remarkably,
COX-2 expression appears to be precisely timed with respect to ovulation, although
timing vaﬁgs from species to species (Boerboom and Sirois, 1998; Liu et al, 1997;
Richards, 1997; Sirois, 1994; Sirois and Doré, 1997). COX-2 is induced in rat
preovulatory follicles by luteinizing hormone and human chorionic gonadotropin
(Sirois and Richards, 1992). Studies in bovine endometrial cells showed that
oxytocin stimulated prostaglandin Fg, production, and that this correlated with
upregulatioﬁ of COX-2 gene expression during luteolysis (Asselin et al, 1997; Xiao
et al, 1998). COX-2 levels increase significantly before and after labor, and
prostaglandins produced by COX-2 may be necessary for delivery of the fetus (Gibb
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stillborn norma] size litters. The cause for litter death in COX-1 knockout mice

remains undetermined (Langenbach et al, 1995).
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Decidualization of the uterus also is impaired in COX-2 knockout mice. In
endometrial stromal cells isolated from rats that have been sensitized for
decidualization, both COX-1 and COX-2 are produced in response to epidermal
growth factor (Bany and Kennedy, 1997). However, COX-2 knockout mice that are
artificially induced to a pseudopregnant stage via oil infusion into the uterus fail to
develop increased uterine weight, indicating that decidualization does not occur in
these mice (Lim et al, 1997). Thus, implantation and decidualization are impaired

in the absence of COX-2.

Prostaglandins produced in response to COX-2 also play an important role in
parturition. In human amnion at term, COX-2 expression increases after the onset
of labor, and expression.of COX-2 mRNA is 100-fold greater than that of COX-1
mRNA (Slater et al, 1995, 1994). Additionally, COX-2 expression in the amnion"
increases twofold in laboring women compared with nonlaboring women who deliver
via cesarean section, suggesting that COX-2 is necessary for spontaneous labor
(Fuentes et al, 1996). COX-2 expression also increases in chorion-decidual cells
with the onset of labor (Slater et al, 1998). Both COX-1 and COX-2 are expressed in
the myometria during pregnancy. During term pregnancy, COX-2 expression is
greater than COX-1 expression in the myometrium (Zuo et al, 1994). These findings
suggest that COX-2 is responsible for prostaglandin production during labor and
that selective inhibition of the COX-2 isoenzyme may delay spontaneous labor in
pregnant women.

In the human placenta at term, COX-2 is the predominant cyclooxygenase isoform
and COX-1 1s detected only in negligible quantities (Macchia et al, 1997). Using a
rat model for preterm labor, COX-2 expression was rapidly stimulated in the
placenta inresponse to lipopolysaccharide (Swaisgood et al, 1997). Thus, it has
been-suggested that COX-2 is responsible for placental production of prostaglandin
E2, which is essential for maturation and maintenance of the placenta. This may

correlate with the antiapoptotic and growth-promoting properties of prostaglandins
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produced by the COX-2 isoenzyme. In the human placental bed, COX-1 expression
- 1s increased in preeclampsia, whereas COX-2 expression remains the same as in
normal pregnancies (Wetzka et al, 1997). Both cyclooxygenase isoenzymes are

increased in preeclamptic umbilical cord vessels (Beharry et al, 1998).

The role of prostaglandins in male reproductive functions remains largely unknown.
There is evidence that COX-2-derived prostaglandins may be involved in erection.
In rats, constitutively expressed COX-2 is the predominant isoform in the male
reproductive system and is primarily located in the epithelium of the distal vas
deferens (McKanna et al, 1998). It has been postulated that prostaglandins from

the vas deferens are largely responsible for erectile function.
USE OF SELECTIVE COX-2 INHIBITORS IN ANIMAL MODELS

COX-1 knockout mice have normal blastocyst implantation. However, treatment
with high doses of a selective COX-2 inhibitor resulted in failure of implantation
(Lim et al, 1997). Similar effects were noted when wild-type mice were treated with

high-dose, selective COX-2 inhibitors.
USE OF SELECTIVE COX-2 INHIBITORS IN MAN

Although data on potential reproductive effects of selective COX-2 inhibitors have
not been puBlished, there is a report of infertility, associated with luteinized,
unruptured follicles, in three women who received NSAIDs for arthritis (Smith et
al, 1996). Ovulation occurred in each patient when the NSAIDs were discontinued.
In view of the important role of COX-2 in ovulation, this occurrence may have been

related to inhibition of COX-2.
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HYPOTHETICAL APPLICATION TO HUMANS OF PRECLINICAL
RESULTS IN REPRODUCTION AND FERTILITY

Preclinical data from COX-2 knockout mice and studies with selective COX-2
inhibitors in mice suggest that expression of COX-2 is an essential feature of
ovulation and pregnancy and that complete inhibition of COX-2 may prevent
normal ovulation. Furthermore, these findings suggest that the case reports of
infertility in humans may be related to COX-2 inhibition. Thus, it may be
speculated that selective COX-2 inhibition may produce unwanted effects on

fertility.

In addition, data from COX-2 knockout mice show that COX-2 expression is
necessary for each step of pregnancy (eg, ovulation, fertilization, implantation, and
decidualization). Prostaglandins generated by COX-2 are necessary for maintaining
pregnancy in several species. Therefore, selective inhibition of COX-2 may interfere
with pregnancy in several ways (Majerus, 1998). Agents that selectively inhibit
COX-2 probably will require the same precautions as other NSAIDs with respect to

use during pregnancy.

Finally, irrespective of effects on pregnancy, the effects of selective COX-2 inhibition
on corpus luteum development in nonpregnant women may result in long-term
hormonal changes that may affect estrogen-sensitive tissues, such as uterus, breast,

and bone. .
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ROLE OF COX-2 IN THE CENTRAL NERVOUS SYSTEM
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It is unclear whether NSAID-induced central nervous system effects, such as
headache, dizziness, drowsiness, and confusion (Insel, 1990; Kaplan and Swain,
1993) are directly related to cyclooxygenase inhibition. Although the cellular source
of prostaglandins in the brain is uncertain, prostaglandins are implicated in several
brain functions, including control of sleep-wake cycles, temperature regulation, and
pituitary hormone production (Caggiano et al, 1996; Kaufmann et al, 1997). In
certain regions of the brain, COX-2 is expressed by neurons, and expression
increases during neuronal activity. The cyclooxygenase isoenzymes may have a role
in neurologic disorders, cerebrovascular disease, migraines, neuronal death
following ischemia, and in Alzheimer’s disease, although the precise roles of the two
isoenzymes remain to be determined (Kaufmann et al, 1997; Osuka et al, 1998;

Tocco et al, 1997).
COX-2 EXPRESSION

The animal brain, and probably the human brain as well, contains high
concentrations of prostaglandins D2 and Eg, which may be involved in sleep
regulation (Hayaishi, 1991). In animal models, COX-1 is found mainly in the
forebrain, where prostaglandins may be involved in sensory processing (Yamagata
et al, 1993), The human brain contains equal amounts of mRNA for COX-1 and
COX-2, and both isoenzymes are expressed constitutively in the brain and spinal

cord (O’Neill and Ford-Hutchinson, 1993; Resnick et al, 1998; Vane et al, 1998).

" Although COX-1 is constitutively expressed in most tissues, there is evidence that
COX-1 expression may be induced in rat cerebral cortex following ischemia (Holtz et
al, 1996). COX-2 also is induced following cerebral ischemia and is associated with

a significant increase in prostaglandin Ez production (Collaco-Moraes et al, 1996;
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Nogawa et al, 1997). Data from animal studies suggest that COX-2 may be involved
in the mechanisms of delayed neuronal death following a cerebral infarct (Iadecola
and Ross, 1998; Nogawa et al, 1997; Osuka et al, 1998), and similar findings have
been observed in the infarcted human brain (Sairanen et al, 1998). COX-2 also 1s
induced in the hippocampus during intense nerve stimulation (eg, seizures) and in
the cerebral cortex during acute stress, suggesting that COX-2 is upregulated
during neuronal activity (Marcheselli and Bazan, 1996; McCown et al, 1997;
Yamagata et al, 1993). Following brief, noninjurious electrical stimulation in rat
brains, COX-2 levels remained elevated for weeks and may have sustained effects

on brain function (Caggiano et al, 1996).

COX-2 expression is induced in the brain by the presence of pyrogenic substances,
such as interleukin-1 and tumor necrosis factor (Cao et al, 1998, 1996). In rodents,
COX-2 induced by interleukin-1 is responsible for the production of fever-producing
prostaglandins (Cao et al, 1996). COX-2 clearly is involved 1n the febrile response
(Cao et al, 1998; Matsumura et al, 1997). Using a murine model of infection,
systemic injection of lipopolysaccharide led to robust expression of COX-2 in

perivascular cells and the choroid plexus (Breder, 1997).

Aside from pathologic expression, low levels of COX-2 mRNA are detected in the
animal brain under basal conditions, particularly in neonates (Breder et al, 1995;
Parfenova et al, 1997; Yamagata et al, 1993). In the newborn pig, both
cyclooxyge;ase iéoenzymes are constitutively expressed in cerebral microvessels
and microvascular endothelium (Parfenova et al, 1997). In the rat brain, COX-2 is
constitutively expressed in the cortex, hippocampus, hypothalamus, and spinal cord
(Breder et al, 1995; Breder and Saper, 1996). In rat cerebral cortex, COX-2 is
located in the discrete dendritic branches and dendritic spines of excitatory
pyramidal neurons. These findings suggest that COX-2 has a direct effect on
postsynaptic signaling of excitatory neurons (Kaufmann et al, 1996). COX-2

expression is noted in the specific corticallaminae and subcortical nuclei. Within
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the amygdala, COX-2 is observed in the caudal and posterior of the deep and
cortical nuclei, and in the diencephalon COX-2 appears in the paraventricular
nucleus of the hypothalamus and in the anteroventral region surrounding the third
ventricle. In the brainstem of the rat, COX-2 appears in the dorsal raphe nucleus,
the nucleus of the brachium of the inferior colliculus, and in the region of the
subcoeruleus (Breder et al, 1995). The highest basal levels of COX-2 in the rat
appear in the hippocampus, the pyramidal cells of the piriform cortex, neocortex,
and amygdala complex (Breder et al, 1995; Yamagata et al, 1993). Lower levels
have been found in the caudate-putamen, thalamus, hypothalamus, superficial
layers of the neocortex, striatum, and preoptic area (Cao et al, 1995; Yamagata et
al, 1993). Although the physiologic significance of constitutively expressed COX-2 is
not known, varying levels of COX-2 expression in the brain suggest that it may

have a variety of different functions under normal physiologic conditions.

Unlike COX-1, COX-2 1s not diffusely located within the rat brain. Rather, it is
discretely organized and may be localized in specific membrane compartments
(Breder et al, 1995; Kaufmann et al, 1997). The location and distribution of COX-2
in rodent brains indicate that COX-2 may be involved in processing visceral and
sensory input. In addition, COX-2 may play a role in the generation of autonomic,

endocrine, and behavioral responses (Breder et al, 1995).

COX-2 aisq;is expressed in the spinal cord of rats and may be involved in spinal
nociception (Beiche et al, 1996; Hay et al, 1997; Ichitani et al, 1997; Willingale et al,
1997; Yamamoto and Nozaki-Taguchi, 1996). Studies using the rat have shown
that COX-1 and COX-2 mRNA are expressed constitutively in the spinal cord and
that COX-2 is the predominant isoform (Beiche et al, 1996; Willingale et al, 1997).
These studies indicate that both cyclooxygenase isoforms may play a role in spinal

nociception.



USE OF SELECTIVE COX-2 INHIBITORS IN ANIMAL MODELS

In newborn pigs, prostaglandin receptor densities were increased and prostaglandin
E2 and F2, levels were significantly reduced by ibuprofen and selective COX-2
inhibitors, but were not affected by a COX-1-specific inhibitor. Treatment with
ibuprofen and selective COX-2 inhibitors also increased blood pressure in the
cerebral cortex of newborns (Li et al, 1997). It was postulated that these
prostaglandins are important in maintaining cerebral blood flow in the newborn
brain (Peri et al, 1995). In newborn pig cerebral microvasculature, selective COX-2
inhibition significantly decreased prostanoid synthesis and may have a substantial

effect on newborn cerebral circulation (Parfenova et al, 1997).

Using the formalin test in rats as a model for pain, one study noted that a
nonselective cyclooxygenase inhibitor, ibuprofen, effectively blocked

prostaglandin E; release and decreased hyperalgesic response. Notably,
administration of two different selective COX-2 inhibitors was ineffective,
suggesting that in acute situations, spinal COX-1, but not COX-2, is responsible for
synthesis of prostaglandin Ez and nociception (Dirig et al, 1997).

In vitro studies have found that some NSAIDs may exhibit proinflammatory effects,
such as generation of superoxide in neutrophil cells (Twomey and Dale, 1992). One
analysis of rat mesangial cells found that treatment with a selective COX-2
inhibitor irfduceci COX-2 mRNA (although the production of COX-2 metabolites was
blocked) and significantly increased the level of inducible nitric oxide synthase
produced by the cells. The authors of this study postulated that proinflammatory
actions may account for unexplained adverse effects associated with selective COX-
2 inhibition, although the effects may be restricted to the rat model. The clinical

implications of these findings remain to be determined (Klein et al, 1998).

38



APPEARS THIS WAY
ON ORIGINAL

39



ROLE OF COX-2 IN THE

- CARDIOVASCULAR SYSTEM



ROLE OF COX-2 IN THE CARDIOVASCULAR SYSTEM

following injury.

COX-2 EXPRESSION
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In rabbit aorta, high-density lipoprotein (HDL) has been demonstrated to induce
COX-2 expression (and increase levels of the vasodilator, prostacyclin) in smooth

muscle cells (Vifials et al, 1997).
USE OF SELECTIVE COX-2 INHIBITORS IN ANIMAL MODELS

The effects of a selective COX-2 inhibitor and a nonselective COX-1/COX-2 inhibitor
(indomethacin) on vascular contractility of endothelium-denuded aorta were
assessed in a murine model (Connolly et al, 1998). Both agents blocked a-agonist-
induced vasoconstriction, presumably due to inhibition of COX-2. The authors
speculated that COX-2 was produced constitutively in rat aorta because the
experimental procedures were undertaken before the extracted tissue would have

been able to induce and express the isoform.

In ano.ther preclinical study; dogs were given intravenous doses of indomethacin, 6-
MNA, or a selective COX-2 inhibitor (Brooks et al, 1998). Neither 6-MNA nor
indomethacin altered baseline heart rate or blood pressure, but the selective COX-2
inhibitor caused significant bradycardia (-24 bpm + 5%) without changes in blood

pressure.

HYPOTHETICAL APPLICATION TO HUMANS OF PRECLINICAL
RESULTS IN THE CARDIOVASCULAR SYSTEM

Available data on COX-2 expression in infarcts and cardiomyopathy suggest that
COX-2 has a role in both inflammation and repair. Complete suppression of COX-2,
as in knockout mice, may have further implications than inhibiting inflammation
and may, in fact, inhibit repair. This may lead to excessive fibrosis and deleterious

consequences in patients with cardiac or vascular injury.
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COX-2 also appears to be involved in the control of vascular tone, participating in

HDL-induced production of vasodilatory prostaglandins and a-agonist-induced
vasoconstriction. The consequences of inhibiting these effects remain to be

determined, but could have long-term implications.
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ROLE OF COX-2 IN THE RESPIRATORY TRACT
R —

The use of NSAIDs in asthmatic inflammatory conditions is controversial because
inhibition of cyclooxygenase isoenzymes may increase production of leukotrienes
and enhance airway responsiveness, worsening asthmatic symptoms (Szczeklik,
1983). COX-1 and COX-2 both catalyze the conversion of arachidonic acid to
prostaglandin, and inhibition of either enzyme may increase leukotriene production.
In addition to these effects on arachidonic acid metabolism, recent findings have
demonstrated that COX-2 is involved in a variety of physiologic and regulatory

processes in the pulmonary system.
COX-2 EXPRESSION

Although COX-2 has a role in some noninfectious inflammatory processes in the
respiratory tract (Fernandez-Morata et al, 1997; Kato et al, 1998; Vadas et al,
1996), it also may have distinct regulatory functions under physiologic conditions.
In animals, constitutively expressed COX-2 has been isolated from the lung
(Brannon et al, 1998; Charette et al, 1995; Ermert et al, 1998). In rats, both
cyclooxygenase isoforms are detected in the lungs (Ermert et al, 1998). COX-2 is
noted primarily in macrophage and mast cells, smooth muscle cells of partially
muscular vessels, large veins of the hilum, and bronchial epithelial cells. Extensive

localization of COX-2 in the rat lung suggests that it has a physiologic, as well as an

- inflammatory, role in the respiratory tract. In the guinea pig, COX-2 expression is

responsible for maintaining intrinsic tone in the trachea (Charette et al, 1995).

In fetal and newborn sheep lungs, COX-2 mRNA expression increased during the
fetal to 1-week-old period (Brannon et al, 1998). However, COX-2 protein was not
detected in the developing ovine lung. There is no evidence that COX-2 knockout

mice exhibit pulmonary pathology (Dinchuk et al, 1995).
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In the cultured human airway smooth muscle cell, COX-2 is not expressed under
control conditions. However, COX-2 expression is stimulated by proinflammatory
cytokines and bradykinin, and expression is inhibited by dexamethasone and both
selective and nonselective COX-2 inhibitors (Belvisi et al, 1997; Pang and Knox,
1997a, 1997b; Vigano et al, 1997).

High levels of COX-2 mRNA are present in the normal human lung, whereas levels
of COX-1 are approximately twofold lower (O’Neill and Ford-Hutchinson, 1993). In
patients with stable asthma and chronic bronchitis, both cyclooxygenase isoforms
are found in respiratory epithelium, but COX-2 is not upregulated (Demoly et al,
1997). In upper respiratory mucosa of patients with chronic allergic rhinitis and
sinusitis and in control patients, COX-1 and COX-2 are expressed in the epithelium
and neither enzyme is upregulated during this noninfectious inflammation (Demoly
et al, 1998). Both cyclooxygénase 1sozymes are expressed in nonstimulated
epithelial cells isolated from nasal polyps (Kowalski et al, 1997). Therefore,
constitutive expression of COX-2 in the lungs, and its failure to increase in the
presence of noninfectious inflammation, suggests a more basic, homeostatic role,

rather than one restricted to supporting inflammation.

In one interesting study, lung fibroblasts from patients with idiopathic pulmonary
fibrosis did not respond to inflammatory stimuli (eg, PMA, lipopolysaccharide, IL-1)
with increased COX-2 expression or activity (Wilborn et al, 1995). Because one of
the effects of prostaglandin E: is to inhibit fibroblast proliferation and collagen
synthesié, the authors postulated that the inability of these patients to upregulate
COX-2 and increase prostaglandin production might inhibit reparative processes,
allowing more opportunity for fibroblasts to lay down connective tissue and
promoting the development of pulmonary fibrosis. They further suggested that
"potential detrimental consequences might result from pharmacologic inhibition of
COX-2, at least during the reparative phases of inflammatory injury in the lung”

(Wilborn et al, 1995).
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USE OF SELECTIVE COX-2 INHIBITORS IN ANIMAL MODELS

In isolated guinea pig trachea, a selective COX-2 inhibitor and indomethacin were
used to evaluate effects on intrinsic tone (Charette et al, 1995). Both agents
reversed intrinsic tone, with the selective COX-2 inhibitor exhibiting greater effect

b

implying that COX-2 is responsible for maintaining intrinsic tone in the trachea.

HYPOTHETICAL APPLICATION TO HUMANS OF PRECLINICAL
RESULTS IN THE RESPIRATORY TRACT

Constitutive expression of COX-1 and COX-2 in the human lung clearly suggests
that there is a role for these isoenzymes in maintaining normal, homeostatic
functions. Furthermore; in patients with asthma or noninfectious rhinitis and
sinusitis, COX-2 expression is not upregulated, as would be expected in
inflammatory conditions, providing further support for a noninflammatory role for
this isozyme. The consequences of inhibiting these unknown functions remain to be
determined. The observation that patients with idiopathic pulmonary fibrosis are
unable to induce COX-2 expression in the lung raises the question of whether
selective inhibition of COX-2 might inhibit the reparative phases of inflammatory

injury in the lung, or otherwise contribute to the development of fibrosis.
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ROLE OF COX-2 IN THE PANCREAS
Lo ]

Both COX-1 and COX-2 have been shown to be expressed in acinus cells of the
pancreas in rats, both during normal conditions and during pancreatitis (Zabel-
Langhennig et al, 1998). However, in pancreatic islet beta cells from hamsters,
rats, and humans, COX-2 was recently shown to be constitutively expressed
whereas minimal, if any, COX-1 is expressed (Sorli et al, 1998). COX-2 was also
predominant during interleukin-1-stimulated conditions. The clinical relevance of

these data, if any, to use of selective COX-2 inhibitors is unknown.
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The literature searches completed to develop this document were performed by
Grace Johnson, PharmD, who is an Editor with Scientific Therapeutics Information,
Inc, a medical communications company. Searching qualifications of Dr Johnson
include training and experience received during the Doctor of Pharmacy program at
the University of Michigan, an American Society of Health-System Pharmacists-
accredited pharmacy practice residency completed at the University of Florida, and
3 years performing medical writing and editing as an Associate Editor or Editor

with Scientific Therapeutics Information, Inc.

Online literature searches were conducted in MEDLINE (1966-1998), EMBASE
(1980-1998), and BiOSIS (1997-1998), with MEDLINE being the primary reference
sourc;e. All searches were limited to English language. MEDLINE search strategy
included the following terms: COX-2 inhibitors, cyclooxygenase-2 inhibitors, cyclo-
oxygenase-2 inhibitors, meloxicam, celecoxib, SC-58635, flosulide, nimesulide, SC-
58125, L.-748731, L-745337, SC-57666, T-614, cyclooxygenase-2 and renal,
cyclooxygenase-2 and lung, cyclooxygenase-2 and inflammation, cyclooxygenase-2,
COX-2, and cyclooxygenase 2 with wound healing, immune system, or hormone.
EMBASE search strategy included the following terms: COX-2 inhibitor,
cyclooxygenase-2 inhibitor, cyclo-oxygenase-2 inhibitor, cyclooxygenase-2 and renal,
cyclooxygenase-2 and inflammation, cyclooxygenase-2, COX-2. BIOSIS search
strategy.included the following terms: cyclooxygenase-2, COX-2, cyclooxygenase 2.

Additional reference sources were used when available, including references cited in
publications related to this topic. Recent issues of Gastroenterology, Journal of
Rheumatology, Arthritis and Rheumatism, and American Journal of
Gastroenterology were reviewed for abstracts presented at the following annual

meetings: Digestive Disease Week (1998), Panamerican Congress of Rheumatology

47



(1998), American College of Rheumatology (1997), and American College of
Gastroenterology (1998), respectively.

Only selected references were used in the development of this document. Although
many references were reviewed, only those cited herein are listed in the reference

list at the end of the document. All cited references are available from SB upon

request.
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EXECUTIVE SUMMARY

Celecoxib (tradename Celebrex™) is an oral anti-inflammatory and analgesic product
intended for use in the treatment of the signs and symptoms of osteoarthritis (OA) and
rheumatoid arthritis (RA) and for the management of pain. It was develpped to prgvide
anti-inflammatory and analgesic effects comparable to commonly used non-steroidal
anti-inflammatory agents drugs (NSAIDs) but without the gastrointestinal and platelet
effects of NSAIDs. The clinical development program for celecoxib included more than
13,000 patients and healthy volunteers enrolled in over 50 different studies. The overall
results of this clinical program demonstrated that celecoxib is comparable in efficacy to
naproxen and is superior to naproxen, diclofenac and ibuprofen in the occurrence of
upper gastrointestinal (UGI) ulceration, ulcer complications and effects on platelets.
Further, celecoxib was not found to be associated with increases in other clinically
significant adverse reactions compared to NSAIDs. Thus, celecoxib has been ghown to
provide a significant therapeutic benefit over commonly prescribed NSAIDs used in the
treatment of OA, RA and pain.

Celecoxib is a highly selective inhibitor of cyclooxygenase-2 (COX-2), one of two
known isoforms of cyclooxygenase: COX-1 and COX-2. Commonly used NSAIDs such
as aspirin, naproxen and ibuprofen are non-selective inhibitors of COX-1 and COX-2.
(1) They are effective anti-arthritic agents but produce clinically-limiting side effects
due to their inhibition of COX-1 at therapeutic doses. (2-4)

The clinical program examined the human pharmacokinetics, efficacy, and safety profile
of celecoxib with a focus on its effects on the GI tract, platelets and kidney.

Celecoxib is a low solubility, high permeability drug that is rapidly absorbed, has a large
volume of distribution (consistent with high tissue uptake) and is extensively
metabohzed by the liver to inactive metabolites that are excreted primarily in the feces |
and to a lesser extent in the urine. Pharmacokinetics are linear; the elimination half life
is about 10 hours and steady state levels are reached by five days with the therapeutic
dose and regimen. The pharmacokinetics in subgroup populations such as the elderly
were studied and well described. No clinically significant drug-drug interactions were '
observed with compounds commonly used by the intended patient population, including
warfarin and methotrexate.

__Five pivotal trials of 6 or 12 weeks duration uniformly showed that celecoxib_was
superior to placebo in treating OA of the knee and/or hip and similar to a full therapeutic
dose of naproxen. Maximal efficacy was obtained with 200 mg per day administered as
a single dose or divided doses. Replicate 12-week studies showed that celecoxib at

100 mg or 200 mg BID was superior to placebo in treating RA and similar to naproxen.
A 6-month trial confirmed the durability of response with celecoxib. The data from four

G.D. Searle & Co.
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trials using an acute post-surgery pain model and the chronic pain data from the
aforementioned arthritis trials collectively demonstrated that celecoxib has analgesic
properties. The post-oral surgery studies showed that celecoxib had an onset of action
within one hour and significant relief of OA pain was demonstrated wiglin 24 hogs after
the first dose.

Over 4,500 patients with OA or RA participated in endoscopy trials designed to compare
the incidence of UGI ulceration between celecoxib, NSAIDs and placebo. In two
12-week studies with Baseline and end-of-study endoscopies, the ulcer incidence with
celecoxib at full therapeutic doses, as well as at 2-4 times the full therapeutic dose, was
not significantly different from placebo but significantly lower than with naproxen. The
superior GI safety of celecoxib compared to naproxen was confirmed by a 12-week serial
~endoscopy trial. Another 12-week serial endoscopy study demonstrated a sig&iﬁcantly

lower ulcer incidence with celecoxib compared to ibuprofen and a 6-month trial showed
a significantly lower incidence of ulcers with celecoxib compared to diclofenac.

‘The endoscopy results were corroborated by a blinded tabulation of clinically significant
UGI events (bleeding, perforation, and gastric outlet obstruction) that occurred during
controlled studies. The analysis demonstrated an annual incidence of ulcer
complications for celecoxib of 0.20% that was significantly less than the 1.68% seen
with NSAIDs, but similar to placebo. The incidence of clinically significant UGI events
for celecoxib was confirmed by an analysis of data from a large open-label safety trial.

Celecoxib was also differentiated from NSAIDs in terms of its effects on platelets, that
contain only the COX-1 isoform. At doses up to 6-12 times the full thegapeutic dose,
celecoxib had no significant effect on platelet aggregation or bleeding time. In contrast,
NSAIDs consistently and significantly inhibited platelet aggregation and prolonged
bleeding time at typical therapeutic doses.

The safety of celecoxib was evaluated based on the experience with all the patients and
healthy subjects who participated in clinical trials. Chronic dosing in arthritis patients
ranged from 100 mg BID to 400 mg BID for periods in excess of 12 months. A dose as
high as 1200 mg BID was used in certain safety/pharmacology studies. Total exposure
exceeds 3,000 patient years and 981 patients have completed at least one year of
treatment. Overall, celecog,ib/ was well tolerated. GI symptoms (dyspepsia, nausea,
abdominal pain) were more common in patients receiving celecoxib than in patients on
“~placebo, but significantly less than in patients on NSAIDs. Renal adverse events were
uncommon and occurred no more frequently than in patients on NSAIDs. Clinical
laboratory test results indicated that celecoxib did not have adverse hematologic or
hepatic effects.

G.D. Searle & Co.
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In sum, celecoxib is equivalent to NSAIDs in terms of therapeutic effectiveness (a
function of the inhibition of COX-2), but lacks the characteristic COX-1 dependent
toxicities of NSAIDs on the GI tract and platelets. In general, celecoxib was safe and
well tolerated. These results clearly establish the wide clinical therapeugic index of
celecoxib and clinical utility of this new agent in the treatment of OA, A, and pai'r'l.
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GLOSSARY

Abbreviation Definition

ACR American College of Rheumatology

APS American Pain Society & .

BID Two Times per Day

BUN Blood Urea Nitrogen

COX Cyclooxygenase

DMARD Disease-Modifying Antirheumatic Drug

GFR Glomerular Filtration Rate

Gl Gastrointestinal

HAQ Health Assessment Questionnaire

IND Investigational New Drug Application

ITT : Intent-to-Treat

LOCF Last Observation Carried Forward -

LS Mean Least Square Mean

MI Myocardial Infarction

NDA New Drug Application

NSAID Non-steroidal Anti-Inflammatory Drug

OA Osteoarthritis

OASI Osteoarthritis Severity Index

PD Pharmacodynamic

PG Prostaglandin

PID Pain Intensity Difference

PK Pharmacokinetic

PR Pain Relief

PRA Plasma.Renin Activity C e

PRID Sum of Pain Relief and Pain Intensity leference

PRN As Needed

PT - Prothrombin Time

PTT . . Partial Thromboplastin Time

QD Once per Day

QID Four Times per Day

RA Rheumatoid Arthritis

RBC Red Blood Cell

SD Single Dose

TID Three Times per Day

Tx Thromboxane
__udal Upper Gastrointestinal .

URTI Upper Respiratory Tract Infection

VAS Visual Analog Scale

WBC White Blood Cell -
- WOMAC Western Ontario and McMaster Universities OA Index
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1.0 OVERVIEW
Celecoxib (tradename Celebrex™) is a specific cyclooxygenase-2 (COX-2) inhibitor
with anti-inflammatory and analgesic activity.

& -
Non-steroidal anti-inflammatory drugs (NSAIDs) possess anti-inflammatory, analgesic,
and antipyretic activity, and are widely used to treat osteoarthritis (OA), rheumatoid
arthritis (RA), and pain. However, these agents cause upper gastrointestinal (UGI)
mucosal damage and side effects related to platelet and renal function that limit use in a
significant number of patients. (2-4) NSAIDs are known o inhibit the enzyme
cyclooxygenase (COX) resulting in a reduction in prostaglandin (PGs) produ}:tion. (5,6)
Recently, two distinct COX isoforms‘were identified: 1) a constitutive form (gOX-l),
present in most tissues including the GI mucosa and platelets, that produces PGs
necessary for normal physiological function (6,7) and 2) an inducible form (COX-2) that
is primarily expressed in association with inflammation. (8,9) Our hypothesis is that
constitutive COX-1 activity protects the GI tract and maintains normal platelet function
whereas inducible COX-2 activity is responsible for inflammation and pain. Therefore,
specific inhibitors of COX-2 will be anti-inflammatory and analgesic without having the
mechanism-based side effects of NSAIDs.

Nonclinical in vitro and in vivo studies have demonstrated that celecoxib is a specific
inhibitor of COX-2. (10) In-animal studies, celecoxib was shown t0 haue anti-
inflammatory and analgesic effects equivalent to NSAIDs, and to inhibit maximally
COX-2 derived PG formation while sparing PG production in the GI tract. The
“compound underwent extensive toxicological evaluations, including acute, subchronic,.~
chronic, genetic, and reproductive toxicology, as well as carcinogenicity testing. No.
novel toxicity was observed, and the established safety margins suggested that celecoxib

had a pharmacological profile that would allow rigorous testing in humans.

Subsequently, the clinical deQelopment program was undertaken to:

e determine the pharmacokinetic properties of celecoxib in humans;

e establish the efficacy of celecoxib in treating the signs and symptoms of OA
and RA; -

e establish the efficacy of celecoxib in the management of pain;

G.D. Searle & Co.
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e compare the effects of celecoxib with that of NSAIDs and placebo on the UGI
mucosa, platelet function, and renal function; and

e assess the safety and tolerability of celecoxib in patient populations in whom its
use is indicated. A ”

2.0 BACKGROUND

2.1 Pharmacological Class

Celecoxib is a novel diarylsubstituted pyrazole that selectively inhibits COX-2. The
chemical name of the compound is 4-[5-(4-methylphenyl)-3-(trifluoromethyl)- 1H-
pyrazol-1-yl] benzenesulfonamide. Celecoxib has a molecular weight of 381.38. The

chemical structure is depicted in Figure 1.

)
Figure 1. Chemical Structure of Celecoxib (C17H,4F3N30,5)
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Celecoxib selectively inhibits COX-2 through the time-dependent formation of a tight |
enzyrr;e—inhibitor complex that is noncovalent but slowly dissociable. Celecoxib has a '
low affinity for the constitutively expressed isoform COX-1. Consequently, at a
therapeutic doses, celecoxib has no measurable effect on prostanoids synthesized by

COX-1 and does not interfere with normal COX-1 regulated processes.

The World Health Organizzit/ion (WHO) working group on anatomical therapeutic

- —chemical (ATC) classification recently assigned selective inhibitors of COX-2 to a new
ATC category for anti-inflammatory agents. The category recognizes the differentiation
of COX-2 inhibitors from classic NSAIDs on the basis of their pharmacologiC activity.

G.D. Searle & Co.
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2.2 Scientific Rationale

2.2.1 Mechanism of the Inherent Risks of Current Therapy

Currently, NSAIDs are the most common class of agents used to treat the signs and
symptoms of arthritis and pain. The NSAIDs act via inhibition of the f@mation of*
prostanoids from arachidonic acid by COX. (5,6) Prostaglandins (and thromboxane,
which is derived from PGH,) are produced by all tissues as locally acting autacoids, and
are important for many physiological functions in the GI tract, kidney, reproductive
system and in platelets. (6) Prostaglandins are also key mediators of inflammation and
pain, (6) and inhibition of their production by NSAIDs provides therapeutic benefit in

many clinical conditions. However, NSAIDs pose a risk for GI, platelet and renal side

effects because their mode of action results in unavoidable, mechanism-basedgdverse
effects, (2-4) due to the concomitant reduction of inflammatory PGs and PGs important
for normal physiological function. Recently, two distinct isoforms of COX were
identified and designated COX-1 and COX-2. (6-9) These two isoforms are closely
related and perform identical catalytic reactions with arachidonic acid, but the tissue

distribution and regulation of expression of each are widely divergent.

Currently available NSAIDs inhibit both COX isoforms with negligible specificity in
vitro (<10 fold). (1) COX-1 is constitutively expressed in most tissues throughout the
body, including the GI tract, kidney, and platelets. (6,7) In contrast, COX-2 is normally
expressed in very low amounts in healthy tissue, but is induced to highexpression by
inflammatory mediators (Figure 2). (8,9) Notably, the induced expression of COX-2 can
be prevented by anti-inflammatory glucocorticoids. (11) The expression of COX-2 in
‘association with inflammation, as well as pharmacological studies in animals, suggest -
that the therapeutic benefits of NSAIDs are largely due to the inhibition of COX-2. .In
contrast, the GI and platelet toxicity caused by NSAIDs is due to inhibition of COX-1,
which is predominantly expressed in these tissues. Because COX-2 is constitutively
expressed in the kidney, (12) the degree to which the renal effects of NSAIDs can be

ascribed to COX-1 is uncertai’h, and studies in animals have not provided definitive

-

information.
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Figure 2. COX [Isoforms
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2.2.2 Beneficial Mechanism of Selective COX-2 Inhibition

The hypothesis presented in Figure 2 suggests that an agent which speciﬁcally!?nhibits
COX-2, while sparing COX-1 activity, would provide the anti-inflammatory and
analgesic activity of NSAIDs without their mechanism-based side effects. A number of

studies in animal models with agents demonstrated to selectively inhibit COX-2 have

supported this hypothesis. (10,13)

These observations led to the development of celecoxib, a potent and specific COX-2

inhibitor. Under a wide variety of in vitro conditions celecoxib demonstrates high
selectivity for COX-2 (300 to over 2000 fold separation in inhibition curves vs. COX-
1). The COX-2 specificity of celecoxib is due to an ability to occupy spgge within the
active site of this isoform that is not present in COX-1. This unique binding to the active

site results in the formation of a tight enzyme-inhibitor complex that is only slowly

dissociable and non-competitive with substrate. In contrast, inhibition of COX-1

observed with high concentrations of celecoxib displays conventional competitive
kinetics. The novel kinetic behavior of celecoxib noted in vitro translates to speciﬁc
inhibition in vivo, i.e. in animals, concentrations/doses of celecoxib that maximally
inhibit COX-2 derived PG formation have little or no effect on PG formation by COX-1

in platelets, kidney or the GI mucosa.

J

---2.3 Intended Use

Celecoxib is intended for use in the treatment of the signs and symptoms of OA and RA

and for the management of pain. The potential clinical benefits include antiarthritic and

analgesic efficacy without UGI ulceration, ulcer complications or platelet dysfunction.

G.D. Searle & Co.
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3.0 NONCLINICAL PHARMACOLOGY, TOXICOLOGY AND
PHARMACOKINETICS
3.1 Nonclinical Pharmacology
Celecoxib was evaluated in a series of nonclinical pharmacology studic® to: 1) exdfnine
its inhibitory kinetics and mechanism of action; 2) determine its anti-inflammatory and
analgesic actions in animal models in vivo; and 3) specifically evaluate its propensity to
cause GI tract injury and to explore its potential for action on a variety of physiological
systems that are targets of NSAIDs. A major goal of these studies was to understand the
pharmacological action of celecoxib in relation to its ability to produce differential
inhibition of COX isoforms, in vitro and in vivo. ‘

A -
Celecoxib selectively inhibited COX-2 activity when tested in vitro on human
recombinant COX-1 and COX-2. The two major metabolites of celecoxib did not inhibit
either COX-1 or COX-2 in vitro, indicating that levels of celecoxib achieved in vivo
likely determine the extent of COX-2 inhibition.

In other in vitro studies with whole blood, celecoxib inhibited lipopolysaccharide (LPS)-
stimulated PGE, synthesis by monocytes (COX-2 mediated) at concentrations
considerably lower than those needed to inhibit ionophore-stimulated synthesis of TxB,
(COX-1 mediated). Celecoxib showed little ability to inhibit 5-lipoxygenase, the rate
limiting enzyme for leukotriene synthesis in the other arm of the arachidenic acid

metabolic pathway.

Celecoxib was evaluated in animal models known to be sensitive to NSAIDs, and which”
have been shown to be predictive of activity in humans. In an acute inflammation -
model, celecoxib caused dose dependent inhibition of swelling and hyperalgesia (pain)
caused by an irritant, with maximal efficacy similar to that achieved with NSAIDs.
Hyperalgesia was also rapidly reversed in this model by celecoxib, with a concomitant
reduction in local inﬂammatofjr PG levels, as well as PG levels in cerebrospinal fluid. In
a model of arthritis, celecox/ib dose dependently reversed inflammation, local PG
“production and PG formation in cerebrospinal fluid. These data suggest that inhibition
of COX-2 derived PG production by celecoxib is sufficient to achieve all of the anti-
inflammatory and analgesic activity of mixed COX-1/COX-2 inhibitors (NSAIDs), and

are consistent with the hypothesis that the therapeutic activity of the latter agents results

G.D. Searle & Co.
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from inhibition of COX-2. Celecoxib also showed analgesic and anti-pyretic activity in

other standard animal models.

In other studies in rodents, celecoxib was shown to have minimal effectdon gastricPG
production and did not cause GI lesions at doses >10 fold in excess of the maximal dose
needed for anti-arthritic activity, and did not alter renal PG production as assessed in the

urine.

3.2 Toxicology

A comprehensive non- ~clinical safety program designed to support clinical testing with
celecoxib in chronic indications in adults has been completed. This program 1acluded
toxicology studies for durations of up to six months in rodents and up to one year in
dogs, and carcinogenicity studies conducted in rodents. Other studies were conducted to
evaluate the acute lethal potential of celecoxib and adverse effects on physiological
systems resulting from the pharmacological action of the compound. Potential
reproductive toxicity was evaluated in studies that collectively addressed male and
female reproductive function beginning with mating and early pregnancy through
multiple generation assessments of reproductive performance. Mutagenic potential was
evaluated in vitro using both mammalian and non-mammalian test systems; clastogenic
potential was evaluated in vitro and in vivo. Other studies were conducted to

characterize the irritation and antigenic potential of the compound> s

In both rodents and dogs, the dose limiting toxicity observed in safety studies with
_celecoxib was related to the GI tract. At high doses and exposures of celecoxib, GI .~
injury similar to that observed with NSAIDs was observed. The plasma concentrations/
exposures of celecoxib at which such injury was observed were similar in rats and dogs
and were at least 4-to 9-fold higher than are needed to achieve maximal anti-arthritic

activity in humans. This is con51stent with the COX selectivity of celecoxib, 1.e., at
greater than therapeutic concentratlons of celecoxib, COX-1 is inhibited and GI lesions
ensue. This contrasts with NSAIDs, where therapeutic doses are lethal in rats and dogs.
" "(14) Celecoxib did not cause renal papillary necrosis, dystocia, or affect hemostasis, all
typical effects of NSAIDs. Celecoxib was not mutagenic and was not carcinggenic in

rodents.
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No evidence of toxicity or adverse pharmacological effects was produced by celecoxib in
rats or dogs at the expected exposures and maximal plasma concentrations of the clinical

doses (200 and 400 mg/day).
& ~

Based on the toxicity profile of celecoxib in animals, celecoxib is clearly differentiated

from NSAIDs and is considered safe for use in humans.

3.2.1 Carcinogenicity

The carcinogenicity evaluation of celecoxib in mice was made at average exposures that
were approximately 1- to 2.5-fold greater in males and 1- to 2-fold greater in females
than the exposures at the clinical dose range. The carcinogenicity assessment gf
celecoxib in rats was made at average exposures throughout the study were as high as 4-
9-fold greater in males and 5-10-fold greater in females than the exposures produced by

the range of clinical doses.

Carcinogenicity evaluations in rats and mice revealed no evidence of carcinogenicity or

increases in the incidence of background tumors after 104 weeks of dosing.

3.2.2 Reproductive Toxicity
Celecoxib does not produce any effect on fertility or male reproductive function in rats.

Assessments of reproductive function and early embryonic developmem¥show that
decreased embryonic viability reflected as pre- and post-implantation loss is produced by

the compound at dosages greater than 50 mg/kg/day, which produced exposures greater

than thtrapeutic exposures (5-11-fold the area under the plasma concentration-time curve

from 0-24 hours at the range of clinical doses). The same effects are seen with NSAID:s.
This is the likely consequence of disruption of prostaglandin-dependent processes
involved in early reproductive function and the establishment of pregnancy. No

evidence of an effect on ovulation was observed, but the finding of dose-dependent
decreases in numbers of irr;pﬁmtation sites and increases in resorptions suggest that, in .
the rat, implantation and maintenance of pregnancy may be affected by celecoxib. The
effects are expected given the pharmacological action of the compound (i.e., PG

inhibition) and are not due to permanent alteration of female reproductive function.
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Teratology evaluations conducted in rabbits did not reveal evidence of teratogenicity for
celecoxib at dosages up to 150 mg/kg/day. A higher dosage (300 mg/kg/day) produced
post-implantation loss.

& ~
Studies in rats confirmed that celecoxib crosses the placenta and is available to the fetus.
Diaphragmatic hernia was observed in one of two teratology studies conducted in rats at
exposures that were at least 7-fold greater than the exposure associated with the
maximum clinical dose, 400 mg/day. This malformation is not the same as the more
severe presentation involving lung malformations typically seen congenitally in humans;
this effect is not regarded as a teratogenic mechanism, but rather as an exacerbation of

the background incidence of this malformation in the rat. »

The dosages used in the perinatal evaluation produced evidence of maternal toxicity in
the F,, females as mortality related to GI lesions and/or peritonitis and decreased feed
consumption in the higher dose groups. The length of gestation was slightly but
significantly increased for all celecoxib-treated groups but not in a dose-dependent
manner and all gestation periods were within historical control data ranges. There was
no evidence of dystocia or increased parturition time. There was no evidence of an effect
of celecoxib on the physical appearance of the pups with the exception of diaphragmatic
hernias discussed previously but at a lower incidence than in the teratology study. There
was no evidence of significant effects on the physical development; suP¥ival, behavior
and reproductive performance of the F; generation or on the development and survival of
the F, generation pups resulting from treatment of the F,, females with celecoxib.

3.2.3 Mutagenicity

Celecoxib produced no evidence of mutagenicity in vitro in bacteria (Ames assay) or
mammalian cells. Both assays evaluated concentrations of celecoxib that were delimited

by cytotoxicity or signs that the solubility limits of the compound had been exceeded.

No evidence of mutagenic /pdfential, clastogenicity, or potential for disruption of the .
mitotic apparatus was detected in vivo; and no direct signs of clastogenicity were
~observed in vitro. The positive and negative controls for all assays yielded the expected
results, thus validating the integrity of the test systems and establishing that cglecoxib is

- not genotoxic. This conclusion is consistent with the absence of carcinogenicity in the

cancer bioassays.
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3.3 Nonclinical Pharmacokinetics

Nonclinical assessment of the PK of celecoxib was conducted in five species. Celecoxib
is well absorbed following oral administration to animals with an absolute bioavailability
of 60-90%. The apparent volume of distribution of celecoxib was apprﬁximately Zt03
L/kg and was consistent across the species examined. This volume is greater than total
water volume and suggests the drug is readily available to tissues. Celecoxib was
eliminated rapidly from the plasma of guinea pig, cynomolgus monkey and rhesus
monkey with half-lives of 1-2 hours. Celecoxib crosses the placenta and is available to

the fetus. Celecoxib is excreted in rat milk at concentrations similar to those in serum.
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4.0 HUMAN PHARMACOKINETICS
Pharmacokinetic data were obtained from over 1500 subjects/patients who received

single or multiple oral doses of celecoxib in 32 clinical studies (Table 1).

)
Table 1. Summary of Celecoxib Pharmacokinetic Studies
Type of Data Study Basic PK Profile No. of
Subjects

Basic PK Profile 001 Single-dose Safety/Tol/PK 52
400 Single-dose Safety/Tol/PK (Japan) 30
003 Multiple-dose Safety/Tol/PK 24
004 Multiple-dose Safety/Tol/PK 24
401 Multiple-dose Safety/Tol/PK (Japan) - 6
006 [*“C]-Celecoxib ADME 8
019 Food and Antacid Effects 24
026 Platelet Effect/PK 400 mg BID - 6
032 Total vs. Unbound Conc. 8
037 Capsule vs. Suspension Bioavail. 36
043 BID vs. QD Dosing 24
065 Platelet Function/PK 600 mg BID 12
069 AM vs. PM QD Dosing 24
088 Fed/Fasting 50 mg vs. Fed/Fasting 100 mg 24

Special Populations 010 PK/Renal Effect in Elderly 24
015 Elderly vs. Young PK 48
016 PK in Hepatic Impairment 46
036 PK in Chronic Renal Failure 22
012 PK in RA 181
013 PK in OA 170
824 Population PK Phase Il (studies 020 and 023 110
826 Dental Pain PK/PD (studies 005, 025, 027, 079) 427

Drug-Drug interactions 017 Methotrexate Interaction 14

) 038 Lithium Interaction 24
- 072 Fluconazole/Ketoconazole Interaction 35 .~

040 Warfarin Interaction 12
050 Phenytoin Interaction -16
051 Tolbutamide interaction 16
039 Glyburide interaction 24

Bioquivalency of Clinical | 018 Phase Il vs. Phase lll 200 mg 24

Trial and Commercial .

Formulations s
044 Phase Ill vs. Commercial 200 mg 24
084 2*100 mg Phase Il vs. 2100 mg Commercial vs. 47

1*200 mg Commercial
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4.1 Pharmacokinetic Profile

Celecoxib has an apparent plasma clearance of ~500 ml/min (30 L/hr) adjusted for 70 kg
body weight in young healthy adults following single dose administration. It has a
protein binding in vivo of about 97% and this binding remains constarf within the wide
therapeutic concentration range of the total drug. It is equally distributed between
plasma and erythrocyes. The apparent volume of distribution of celecoxib was ~500 L/70
kg after a single 200 mg dose in young healthy adults, suggesting extensive tissue
uptake. The plasma elimination half life of celecoxib is ~10-12 hr. The absorption of
celecoxib is slightly increased when taken with food and slightly decreased in the
presence of antacids. These effects, however, are not considered clinically important and
do not reqﬁire dose adjustment. There is also circadian variation in the absorggjon of
celecoxib resulting in slower absorption of the drug after evening dosing compared to
morning dosing. Time of once-daily celecoxib administration (morning vs. evening) did
not affect total drug exposure over 24 hours. However, once-daily dosing in the evening
resulted in a slower rate of absorption and would be expected to provide higher drug

concentrations in the morning.

4.2 Metabolism

Celecoxib is extensively metabolized in man and none of the metabolites is
pharmacologically active (Figure 3). The percentage of dose excreted in feces as
unchanged drug is only 2.6% and no unchanged drug was detected in ¥ne.

‘ APPEARS THIS WAY
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Figure 3. Metabolic Profile of Celecoxib
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The major excreted material is the inactive acid metabolite which constitutes ~19% of
the dose in the urine and ~54% in the feces. This acid metabolite is formed from the
initial and the rate determining hydroxylated metabolite. Both in vitro and in vivo
studies indicate that this hydroxylation pathway is mediated predominantly via
cytochrome P450 2C9. This was demonstrated clinically by assessingsége metabolism of
celecoxib in the presence of the cytochrome P450 3A4 inhibitor ketoconazole (200 mg
QD for seven days) or the cytochrome P450 2C9 inhibitor fluconazole (200 mg QD for
sevendays) (Figure 4). Ketoconazole treatment did not markedly increase plasma
concentrations of celecoxib whereas fluconazole produced nearly a two-fold increase. in

the area under the curve of celecoxib.
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Figure 4. Effects of Multiple Oral Doses of Ketoconazole and Fluconazole on
the Single-Dose PK of Celecoxib: Study 072
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4.3 Drug-Drug Interactions

Drug-drug interaction studies were done to examine the effects of multiple doses of
celecoxib on the PK of other known substrates of cytochrome P450 2C9 with narrow
therapeutic windows. The cytochrome P450 2C9 substrates chosen were tolbutamide,
phenytoin, glyburide and warfarin. It is noteworthy that all of these drugs have been
reported to interact with some of the presently available NSAIDs. Becayse of their
COX-1 mediated effect on the kidney, some of the NSAIDs have also been reported to
decrease the renal clearance of those drugs that are predominantly eliminated via the
kidne): @) Effects of celecoxib on the renal clearance of methotrexate and lithium were
therefore also examined. Celecoxib administered as 200 mg twice a day (BID) for seven

days did not significantly affect the kinetics of methotrexate (Figure 5).
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Figure 5. Effect of Multiple Oral Doses of Celecoxib on Methotrexate PK in
Rheumatoid Arthritis Patients Receiving Weekly Oral Doses of
Methotrexate: Study 017
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Serum concentrations of lithium increased slightly (17%) when coadministered with
celecoxib (200 mg BID for seven days) but this increase was not considered clinically
important (Figure 6). In all subjects who received lithium and celqgoxllz, lithium plasma
concentrations did not exceed the upper range of therapeutic lithium concentration

(1.5 mEg/L).

-
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Figure 6. Effect of Multiple Oral Doses of Celecoxib on the Steady State PK
of Lithium: Study 038
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Multiple doses of celecoxib also showed no clinically important interactions with other
substrates of cytochrome P450 2C9, namely phenytoin, glyburide, tolbutamide and
S-warfarin. Figure 7 shows no change in prothrombin time following multiple doses of
warfarin administered with placebo compared to warfarin adminstered with celecoxib

200 mg BID for seven days.

-
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Figure 7. Prothrombin Time vs. Time Relationship Following
Administration of Racemic Warfarin During Dose Titration Phase
and During Placebo or Celecoxib Coadministration: Study 040
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4.4 Pharmacokinetics in Special Populations

The clearance of celecoxib is lower (higher drug exposure [area under the plasma
concentration-time curve)) in elderly women and in patients with moderate hepatic
impairment (Figures 8 and 9). The reduction in clearance seen in elderT¥ females (>65
years) in the PK studies can be partly attributed to age and partly to their lower body
weight. However, the decrease in clearance in healthy elderly Caucasians is <40%
compared to healthy Caucasians <50 years. Population PK analysis of patients included
in the pivotal arthritis efficacy trials indicated that body weight and race had important
influences on the clearance in OA and RA patients. Celecoxib clearance is not markedly .
reduced in patients with stable chronic renal dysfunction (glomerular filtration rate
[GFR] >34 ml/min/1.73 m®) and in patients with Type II non-insulin dependent diabetes
mellitus (NIDDM). / 4 |
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Figure 8. Steady State Plasma Concentrations in Patients with Mild and
Moderate Hepatic Impairment and Their Matching Controls:
Study 016
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5.0 CLINICAL EFFICACY

5.1 Efficacy in Osteoarthritis

Eleven studies, five pivotal, five supportive, and one open-label, long-term safety study
were conducted in patients with OA to provide evidence of the efficacy$f celecoxid for
the treatment of the signs and symptoms of OA (Table 2). The data presented in this
section are primarily from the pivotal OA efficacy trials (Studies 020, 021, 054, 060, and
087), which were all double-blind, placebo-controlled trials of 6 or 12 weeks duration,
and enrolled 200 or more patients per treatment. The five supportive controlled trials
(Studies 013, 047, 042, 062, and 071) are each summarized briefly.

Table 2. Summary of Celecoxib OA Studies
Study No. - Population | Duration No. of Treatments B
Patients
Pivotal Studies )
020 - Knee OA flare 12 weeks 1093 Celecoxib 50, 100, or 200 mg BID; naproxen 500
- : mg BID; or placebo
021 - Knee OA flare 12 weeks 1215 Celecoxib 50, 100, or 200 mg B!D; naproxen 500
mg BID; or placebo
054 - Hip OA flare 12 weeks 1061 Celecoxib 50, 100, or 200 mg BID; naproxen 500
mg BID; or placebo
060 - Knee OA flare 6 weeks 686 Celecoxib 100 mg BID or 200 mg QD or placebo
087 - Knee OA flare 6 weeks 718 Celecoxib 100 mg BID or 200 mg QD or placebo
Supportive Controlled Studies
013 - Knee OA flare 2 weeks 293 Celecoxib 40, 100, or 200 mg BID or placebo
047 - Knee OA flare 4 weeks 402 Celecoxib 25, 100, or 400 mg BID or placebo
042 - Hip or knee OA 6 weeks 688 Celecoxib 100 mg BID or diclofenac 50 mg BID
062 - OA or RA 12 weeks 537 Celecoxib 200 mg BID or naB'rG‘xen' 500 mg BID
(389 OA)
071-0OAorRA . 12 weeks 1099 Celecoxib 200 mg BID, diclofenac 75 mg BID, or
: (812 OA) | ibuprofen 800 mg TID
Open-Label Study .
~ 024-OAorRA 1-2 years 4499 Celecoxib 100-200 mg BID for OA
: (2554 OA)

5.1.1 Pivotal OA Efficacy Studies: Studies 020, 021, 054, 060 and 087
5.1.1.1 Population and Design
Each of the three 12-week p’t%tal studies (Studies 020, 021, and 054) was a randomized, _
multicenter, double-blind, active- and placebo-controlled comparison study of the

" “efficacy and safety of celecoxib 50 mg BID, 100 mg BID, and 200 mg BID and naproxen
500 mg BID in patients with OA of the knee (Studies 020 and 021) or hip (Study 054).
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The two 6-week pivotal studies (Studies 060 and 087) were conducted to assess whether
a once-a-day dose regimen was appropriate and both were randomized, parallel group,
multicenter, double-blind, placebo-controlled studies comparing the efficacy of celecoxib
200 mg QD to celecoxib 100 mg BID in patients with OA of the knee. 4 ~

In all pivotal studies, patients were to be in an OA flare at the Baseline Visit. The
criteria for demonstrating OA flare depended on whether the patient was in Category 1
(i.e., currently receiving NSAID or analgesic therapy for his/her OA) or Category 2 (i.e.,
not receiving NSAID or analgesic therapy and had uncontrolled OA).

For patients. in Category 1, an OA flare was demonstrated if both the Baselinggatient’s
and the Physician’s Global Assessment of Arthritic Condition were rated as “fair,”
“poor” or “very poor” and the Baseline arthritis assessments met at least three of the
following four criteria:
1. Patient’s Assessment of Arthritis Pain (Visual Analog Scale [VAS])
measurement of at least 40 mm (on a 100 mm scale);
2. Anincrease from the screening assessment of two or more points in the OA
Severity Index (on a 24 point scale);
3. An increase from the screening visit of one or more grades in the Patient’s
Global Assessment of Arthritic Condition (on a 5 point scale);
4. An increase from the screening visit of one or more grades iméke Physician’s
Global Assessment of Arthritic Condition (on a 5 point scale).

For patients in Category 2, an OA flare was demonstrated if they met at least three of the

following four criteria during the Baseline arthritis assessments:

1. Patient’s Assessment of Arthritis Pain (VAS) measurement of at least 40 mm; )

2. The OA Severity Index was 27, »
3. The Patient’s Global Assessment of Arthritic Condition was “poor” or “very
. poor”; e
4. The Physician’s Global Assessment of Arthritic Condition was “poor” or “very

poor.”
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5.1.1.2 Scales Used for Measurement of OA Efficacy
The analysis of celecoxib’s efficacy in the treatment of the signs and symptoms of OA
incorporated data from a large number of primary and secondary endpoints.
& )

The primary OA efficacy endpoints included the following:

e Patient’s Assessment of Arthritis Pain - VAS (15)

e Patient’s Global Assessment of Arthritic Condition (16)

e Physician’s Global Assessment of Arthritic Condition (16)

e  WOMAC (Western Ontario and McMaster Universities) OA Index (Composite

score and subscores for pain, joint stiffness, and physical function) amn
The final list of secondary OA efficacy endpoints included the following: =
¢ Functional Capacity Classification (18)
e Incidence of Withdrawal Due to Lack of Arthritis Efficacy
e Time to Withdrawal Due to Lack of Arthritis Efficacy
e OA Severity Index (OASI) (19)
e APS (American Pain Society) Pain Measure (in 12-week pivotal OA studies
only) (20)

e Patient Assessment of Function

v

In addition, the SF-36 Health Survey was used to obtain quality-of-lifesi@formation. 2D

Primary efficacy evaluations were measured at Baseline, Weeks 2, 6, and 12 (or Early
‘Termination).in each of the 12-week pivotal studies and at Baseline and Weeks 2 and 6~
(or Early Termination) in each of the 6-week pivotal studies. The WOMAC OA Index
was measured at Baseline, and Weeks 2 and 12 in each of the 12-Week pivotal studies

and Baseline and Week 6 in each of the 6-week pivotal studies.

The primary population for analysis was the Intent-to-Treat (ITT) cohort which was
defined as all randomized patients who took at least one dose of the study drug. The last

"~ observation carried forward (LOCF) method was used for imputing missing values.

The Patient’s and Physician’s Global Assessments of Arthritic Condition were made
independently and were graded on a 5 point scale (5-very poor, 4-poor, 3-fair, 2-good, or

G.D. Searle & Co.



Celebrex™ (Celecoxib) Page 34 of 158
Advisory Committee 1 Dec 1998
Briefing Document

1-very good). The Patiept’s Assessment of Arthritis Pain - VAS was assessed for
patient-identified “Index Joint" (i.e., the hip or knee with the most symptoms of OA).
Patients assessed the amount of arthritis pain in the “Index Joint” on a 100 mm line VAS
with the 0 mm point indicating no pain and 100 mm point indicating tf& most sevére
pain. The WOMAC OA Index is a tri-dimensional, self-administered questionnaire. The
patient responded to 24 component items: 5 regarding pain, 2 regarding stiffness, and 17

regarding physical function.

Mean change from baseline analyses using analysis of covariance models were
performed for Patient’s Assessment of Arthritis Pain and the WOMAC OA Index. For
Patient’s and Physician’s Global Assessments, patients were classified into ‘ngproved,’
‘No Change’, and ‘Worsened’ categories based on a two grade change criterion.
Improvement was defined as reduction of at least two grades from Baseline for grades 3-
-5 or a change in grade from 2 to 1. A categorical analysis based on the Cochran-Mantel-

Haenszel test was performed for treatment comparisons.

5.1.1.3 Patient Disposition

A total of 3255 patients with OA of either the hip or knee were entered into one of the
three 12-week pivotal studies (020, 021, and 054), were randomized to receive one of
five treatments: celecoxib 50 mg BID, celecoxib 100 mg BID, celecoxib 200 mg BID,
naproxen 500 mg BID, or placebo, and were included in the ITT cshores Table 3
presents a summary of all patients, by treatment group, who completed one of the three
12-week pivotal studies. The reasons for study termination are also summarized in this

table.«
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Table 3. Reasons for Study Termination: 12-Week Pivotal OA Studies 020,
021, and 054
Number of OA Patients by Treatment Group
Celecoxib Naproxen
Study Placebo 50 mg BID | 100 mg BID | 200 méBID | 500 mg BID
Study 020(a) (N=204)(b) | (N=203) (N=197) (N=202) (N=198)
Total Completed 91(45%) | 118(58%) | 116 (59%) | 129 (64%) | 116 (59%)
Total Withdrawn 113 (55%) | 85 (42%) 81 (41%) 73 (36%) 82 (41%)
Treatment Failure 79 (39%) | 61 (30%) 40 (20%) 49 (24%) 52 (26%)
Adverse Event 16 ( 8%) 18 ( 9%) 31 (16%) 21 (10%) 18 ( 9%)
Other 18 (9%) 6 (3%) 10 (5%) 3 (1%) 12 (6%)
Study 021 (a) (N=242) (N=252) | (N=240)(b) | (N=233) (N=226)
Total Complieted 119 (49%) | 168 (67%) | 165(69%) | 154 (66%) | 147 (65%)
Total Withdrawn 123 (51%) | 84 (33%) 75 (31%) 79 (34%) 79 (35%)
Treatment Failure 89 (37%) 56 (22%) 51(21%) | 49(21%) | 40 (18%)
Adverse Event A 14 (6%) 16 (6%) 16 (7%) 23 (10%) | ™30 (13%)
Other 20 (8%) 12 (5%) 8 (4%) 7 (3%) 9 (4%)
Study 054 (N=218)(b) | (N=216) (N=207) (N=213) (N=207)
Total Completed 79 (36%) | 111(51%) | 111(54%) | 119 (56%) | 118 (57%)
[Total Withdrawn : 139 (64%) | 105 (49%) 96 (46%) 94 (44%) 89 (43%)
Treatment Failure 112 (52%) 76 (35%) 61 (29%) 55 (26%) 51 (25%)
Adverse Event 16 (7%) 7 (8%) 27 (13%) 25 (12%) 29 (14%)
Other 10 (5%) 12 (6%) 8 (4%) 14 (7%) 9 (4.3%)

a) Includes only patients with OA of the knee. Eighty-nine patients with OA of the hip were enrolled in
Study 020; 22 patients with OA of the hip were enrolled in Study 021.

b) Total number of patients includes three patients (one in the placebo group [Study 020], one in the
placebo group [Study 054], and one in the celecoxib 100 mg BID group [Study 021]), who were
randomized into a study but did not receive study medication and are not included in the ITT cohort.

A total of 1399 patients with OA of the knee were entered into one of tHg two 6-week
pivotal studies, were randomized to receive one of three treatments (celecoxib 100 mg
BID, celecoxib 200 mg QD, or placebo), and were included in the ITT cohort. Table 4 3
‘presents a summary of all patients, by treatment group, who completed one of the 6-week
pivotal studies. The reasons for study termination, grouped by treatment, for all

randomized patients are also summarized in this table.
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